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MULTI-PHYSICS ANALYSIS METHOD, METHOD FOR SETTING ANALYSIS 
CONDITIONS THEREFOR, AND STORAGE MEDIUM 



BACKGROUND OF THE INVENTION 

5 

1 . Field of the Invention 

The present invention relates to a multi-physics analysis 
method, method for setting analysis conditions thereof, and 
10 storage medium, for analyzing an object model using various types 
of physical simulation models, and more particularly to a 
multi-physics analysis method, method for setting analysis 
conditions thereof, and storage medium, for setting analysis 
conditions for an object model. 

15 

2 . Description of the Related Art 

In recent years , it has become common to study design models 
by simulating the physical motion of the design model using a 

20 computer, which is exemplified heat conduction analysis, fluid 
analysis, structural analysis, electromagnetic field analysis, 
electromagnetic wave analysis, and so forth. In recent years, 
as the object models to be analyzed have become more complex, 
the instances of applying multiple types of simulations to an 

25 object model have increased. This is called multi-physics 
analysis . 

Figure 25 is a drawing to explain the conventional analysis 
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method; Figure 26 is a drawing to explain the conventional 
procedures for setting analysis conditions ; Figure 27Aand Figure 
27B are drawings to explain examples of the object model. As 
shown in Figure 25, data for the model are generated with a CAD 
system. For example, this is the model in Figure 2 7 A. 

The analysis system reads this data (generally, the data 
are in an unstructured format). Before analysis, the physical 
simulation model (to be referred to as physical model ) is selected 
and then the analysis conditions for each element group of the 
object model and the analysis conditions for the boundaries of 
the element groups are set. After the analysis conditions are 
set in this way, the analysis calculations are performed. 

A specific explanation is made with the model example in 
Figure 27A. Figure 27A shows the basic outline of a model for 
thermal-hydraulic analysis. Group 1, an assembly of model 
elements, is the region of fluid within the housing; group 2 
is an exothermic body; and group 3 is an insulating body. Air 
flows in from the inlet boundary on the left side of the figure 
and air flows out from the outlet boundary on the right side. 

Figure 27B shows this model divided into elements (mesh) . 
An element group is an assembly of elements and a boundary is 
an assembly of contiguous element boundaries. A boundary may 
extend across a plurality of element groups and does not 
necessarily exist at the boundary of an element group. In Figure 
27B, the boundaries 2 and 4 are walls of the fluid, the boundary 
5 is the wall of the insulating body, the boundary 1 is the boundary 
of the inlet, the boundary 3 is the boundary of the outlet, the 



boundary 6 is the boundary between the insulating body and the 
fluid, and boundary 7 is the boundary between the exothermic 
body and the fluid. 

The analysis conditions are set for these element groups 
and boundaries . The analysis conditions are the types of analysis 
and the analyzed properties (heat conduction and so forth) . In 
the case of Figure 27B, group 1 has the properties of heat 
conduction and a fluid, and therefore heat conduction and fluid 
are set as the physical models. Group 2 is a solid exothermic 
body, and therefore only heat conduction is set as the physical 
model. Group 3 is an insulating body, and therefore nothing need 
be set. Furthermore, the properties of the group, such as heat 
conduction, are set for each group. Likewise, the physical models 
and properties of the boundaries are set for each boundary shown 
in Figure 27B. 

These are conventionally set as shown in Figure 26. The 
names of the groups and boundaries are displayed in different 
one-dimensional lists, each group or boundary is selected, and 
the conditions are set separately for each group and boundary. 

However , when two or more phys ical models are to be analyzed , 
it is necessary to establish a plurality of physical variables 
for each element group, and therefore, the operation of setting 
analysis conditions becomes troublesome if one-dimensional 
lists are used. Also, when setting boundary conditions, it is 
necessary to establish the boundary conditions while considering 
which boundary corresponds to which physical model, as well as 
the conditions for setting the element groups , and the operation 



becomes even more complex. 

In recent years, object models have become more complex 
and analysis using a large number of physical models has increased . 
It has become necessary to establish a large number of groups 

5 and boundary conditions, as well as a large number of physical 
models; the problem is that the work of setting the conditions 
has become complex and difficult. Also, it is difficult to grasp 
the situation for setting the groups and boundaries, making the 
work of setting the conditions even more complex. 

0 Because of the unclear relationship between the groups and 

boundaries sharing the same original phy s ical model , for example , 
even though the analysis conditions are set for one group (for 
example, "solid2") using the physical model for an electrostatic 
field, the boundary conditions of the same electrostatic field 

15 can be applied to the boundary of another group (for example, 
"solidl"). 

SUMMARY OF THE INVENTION 

20 Consequently, it is an object of the present invention to 

provide a multi-physics analysis method, method for setting 
analysis conditions thereof, and storage medium, for making it 
easy to establish conditions for groups and boundaries in an 
object model in a multi-physics analysis system using a plurality 

25 of physical models. 

It is another object of the present invention to provide 
a multi-physics analysis method, method for setting analysis 
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conditions thereof, and storage medium, for making it easy to 
establish conditions for groups and boundaries using the common 
properties of the physical models of the groups and boundaries 
in the object model. 
5 It is another object of the present invention to provide 

a multi-physics analysis method, method for setting analysis 
conditions thereof, and storage medium, for linking the setting 
of conditions and the object model on a screen and making it 
easy to set the conditions. 
10 In order to achieve these objects, a multi-physics analysis 

method relating to the present invention comprises: a step for 
setting the physical model for element groups constituting the 
object model; a step for searching boundaries in the 
abovementioned object model corresponding to the abovementioned 
15 set element groups; a step for reflecting the physical models 
of the abovementioned element groups at the found boundaries 
on a screen for setting analysis conditions for the boundaries 
of the abovementioned object model; a step for setting analysis 
conditions for the abovementioned boundaries on a screen for 
20 setting analysis conditions for the abovementioned reflected 
boundaries; and a step for analyzing the abovementioned object 
model with the abovementioned set physical models and analysis 
conditions . 

The method for setting analysis conditions in the 
25 multi-physics analysis relating to the present invention 

comprises : a step for setting the physical models for the element 
groups constituting the abovementioned object model; a step for 
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searching the boundaries of the abovementioned object model 
corresponding to the abovementioned set element groups; a step 
for reflecting the physical models of the abovementioned element 
groups at the found boundaries on a screen for setting analysis 
conditions for the boundaries of the abovementioned ob j ect model ; 
and a step for setting analysis conditions for the abovementioned 
boundaries on a screen for setting analysis conditions for the 
abovementioned reflected boundaries. 

A storage medium, for storing a program for setting analysis 
conditions in the multi-physics analysis relating to the present 
invention, is stored the following: a program for setting the 
physical models for the element groups constituting the 
abovementioned object model; a program for finding boundaries 
of the abovementioned object model corresponding to the 
abovementioned set element groups ; a program for reflecting the 
physical models of the abovementioned element groups at the found 
boundaries on a screen for setting analysis conditions of the 
boundaries of the abovementioned object model; and a program 
for setting analysis conditions for the abovementioned 
boundaries on a screen for setting analysis conditions for the 
abovementioned reflected boundaries. 

Using the principle that a group and the boundaries of that 
group have the properties of a common physical model , the present 
invention is constituted so as to reflect the correlation between 
the groups and the boundaries on a screen for setting boundary 
conditions. For this reason, when the physical model of a group 
is set, the boundaries corresponding to that group are 
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automatically searched and the analysis conditions for those 
boundaries are set on a screen for setting boundary conditions. 
In the setting of analy s is conditions for mult i-phy s ics analys is , 
the element groups and boundaries of an object model are thereby 
automatically correlated and the setting of the analysis 
conditions can be performed easily and properly. 

In a preferable embodiment of the multi-physics analysis 
method relating to the present invention, the abovementioned 
step for setting element groups preferably comprises a step for 
setting the abovementioned element groups on a screen for setting 
analysis conditions for element groups that is displayed on the 
same screen as the screen for setting boundary conditions for 
the abovementioned boundaries . The relationships are therefore 
displayed on the same screen, making it easy to understand and 
establish the analysis conditions properly. 

A preferable embodiment of the multi-physics analysis 
method relating to the present invention preferably further 
includes a step for displaying the form of the abovementioned 
object model on the same screen as the abovementioned screen 
for setting analysis conditions. It therefore becomes possible 
to set the analysis conditions for groups and boundaries while 
referring to the form of the object model. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows the configuration of the system relating 
to an embodiment of the present invention; 



Figure 2 is a drawing to explain the screen for setting 
analysis conditions of the system in Figure 1; 

Figure 3 shows the constitution of the element group list 
in Figure 2; 

Figure 4 shows the constitution of the element boundary 
list in Figure 2; 

Figure 5 is a flowchart of the process for setting analysis 
conditions in Figure 1 ; 

Figure 6 is a drawing to explain the process of boundary 
division in Figure 5; 

Figure 7 is a flowchart of the process for detecting 
boundaries in Figure 5; 

Figure 8 is a flowchart of the process for correcting 
boundaries in Figure 5; 

Figure 9 is a flowchart of the process for linking in Figure 

5; 

Figure 10 is a drawing to explain the screen for setting 
analysis conditions in Figure 1; 

Figure 11 is a drawing to explain the setting of an element 
group on the screen in Figure 10; 

Figure 12 is a drawing to explain the setting of another 
element group on the screen in Figure 10; 

Figure 13 is an enlarged drawing of the group and boundary 
list on the screen in Figure 10; 

Figure 14 is a drawing to explain the drawing of a model 
when an element group is set on the screen in Figure 10; 

Figure 15 is a drawing to explain the drawing of a model 



when the other element group is set on the screen in Figure 10; 

Figure 16 is a drawing to explain the drawing of a model 
when a boundary is set on the screen in Figure 10; 

Figure 17 is a drawing to explain the drawing of a model 
when another boundary is set on the screen in Figure 10; 

Figure 18 is a drawing to explain the drawing of a model 
when another boundary is set on the screen in Figure 10; 

Figure 19 is a drawing to explain the screen for setting 
analysis variables that is another embodiment of the present 
invention; 

Figure 20 is a drawing to explain the screen for setting 
boundary conditions that is another embodiment of the present 
invention; 

Figure 21 is a drawing to explain the screen for setting 
analysis conditions that is another embodiment of the present 
invention; 

Figure 22 is a drawing to explain the object model that 
is another embodiment of the present invention; 

Figure 23 is a drawing to explain the screen for setting 
analysis conditions that is another embodiment of the present 
invention; 

Figure 24 is a drawing to explain the object model that 
is another embodiment of the present invention; 

Figure 25 is a drawing to explain the background art; 

Figure 26 is a drawing to explain a conventional screen 
for setting analysis conditions; and 

Figure 21 A and 27B are drawings to explain an analysis object 



model . 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention are 
explained below with reference to the drawings and in the 
following order: multi-physics analysis system, method for 
setting analysis conditions, and other embodiments. 

Multi-physics analysis system 

Figure 1 shows the configuration of a multi-physics analysis 
system that is an embodiment of the present invention; Figure 
2 is a drawing to explain the screen in Figure 1; Figure 3 is 
a drawing to explain the screen for setting analysis conditions 
for those element groups; and Figure 4 is a drawing to explain 
the screen for setting analysis conditions for those boundaries . 

As shown in Figure 1, a multi-physics analysis system 
comprises a CPU (processor) 1, a display 2, an input device 3 
such as a mouse, and a file device (storage device) 4. A well 
known personal computer can be used as this analysis system. 

The CPU 1 performs a CAD model generating process 10, a 
mesh generating process 11, a list registration process 12, a 
process 13 for setting analysis conditions for element groups, 
a process 14 for setting analysis conditions for element 
boundaries, a process 15 for computing simulation of a physical 
model, and a process 16 for displaying the computation results. 
These processes are in the form of modules and some general- 
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purpose modules can be used. 

The CAD model generating process 10 generates a model for 
performing numerical computations . The mesh generating process 
11 divides the generated model into meshes (elements) . At this 
5 time, the groups and boundaries of each mesh (element) are 
defined. 

The list registration process 12 registers the groups in 
the group list 41 and the boundaries in the boundary list 42, 
and registers the relationship between the groups and boundaries 
10 in the correspondence list 40. The correspondence list 40 is 
established in the file device 4 in Figure 1 and contains the 
group numbers and corresponding boundary numbers . 

The process for setting analysis conditions for element 
groups 13 and the process for setting analysis conditions for 
15 element boundaries 14 establish the analysis conditions for the 
groups and boundaries which have been divided into meshes 
(elements) . Forexample, in the case of heat conduction analysis, 
the heat transmission rate is set for an element group and the 
temperature and heat transmission rate are set for the boundary. 
20 Also, in structural analysis, Young's modulus and so forth are 
set for the element group and conditions such as the load are 
set for the boundary . One characteristic of the present invention 
is that both the processes for setting analysis conditions 13 
and 14 are linked together. 
25 The processes for setting analysis conditions are explained 

using Figures 2,3, and 4. Figure 2 shows a screen 100 for setting 
analysis conditions on the display 2 . The screen 100 for setting 
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analysis conditions has three areas 110, 120, and 130. The first 
area 110 displays a two-dimensional list of the physical model 
and element group names. The second area 120 displays a 
two-dimensional list of the physical model and boundary names. 
The third area 13 0 displays the form of the object model. 

The two-dimensional list 110 for setting element groups 
is a table of each element group name and the physical simulation 
models that can be designated with this system. In the example 
shown in Figures 2 and 3, this list is constituted by a table 
of the three groups 1, 2, and 3 of the object model (third area 
1 3 0 in Figure 2 ) and the five phys ical models that can be des ignated 
(heat conduction, fluid, structural analysis , electrostatic and 
magnetic field, electromagnetic field). 

The physical model in the two-dimensional list 110 can be 
selected by clicking (or double clicking) at the area where the 
phys ical model and element group intersect . The phys ical variable 
input screens 112 and 114 for the corresponding physical model 
are opened and the variables can be input. 

in the example in Figure 3, the screen 112 for setting the 
variables for heat conduction analysis is opened by clicking 
on heat conduction in the two-dimensional list 110 and the heat 
conduction rate, specific heat, and so forth can be input. Also, 
by clicking on fluid in the two-dimensional list 110, the screen 
114 for setting the variables for fluid analysis is opened and 
the coefficient of viscosity, mass density, and so forth can 
be input. A circle is displayed in set columns in the 
two-dimensional list 110. 
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The two-dimensional list 120 for setting the boundary 
conditions is a table of each boundary name and the physical 
simulation models that can be designated with this system, in 
the example in Figures 2 and 4, this list is constituted by a 
5 table of the boundaries 1, 2, 3, and 4 of the object model (third 
area 130 in Figure 2) and the five physical models that can be 
designated (heat conduction, fluid, structural analysis, 
electrostatic field, electromagnetic field). 

To select the boundary conditions in the two-dimensional 
10 list 120, the physical variable input screens 122 and 124 of 
the corresponding physical model are opened by clicking (or 
double clicking) at the areas where the physical model and 
boundary intersect, and the variables can be input. 

In the example in Figure 4, the screen 122 for setting the 
15 boundary conditions for heat conduction analysis is opened by 
clicking on heat conduction in the two-dimensional list 12 0 and 
heat flux, heat transmission rate, and so forth can be input. 
Also, the screen 124 for setting the boundary conditions for 
fluid analysis is opened by clicking on fluid in the 
20 two-dimensional list 120 and the pressure, flow rate, and so 
forth can be input. 

One characteristic of the present invention is the function 
for displaying the two-dimensional list of the physical models 
and boundary names. The correspondence list 40 of the 
25 abovementioned file 4 is referenced and the common situations 
for the physical model of each element group are displayed in 
the boundary list 12 0. In the boundary list 120, boundaries for 
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which conditions must be set (areas where the physical models 
and boundaries intersect) are automatically checked. For example, 
these are indicated with a circle. By clicking (or double 
clicking) the area of the boundary name to be checked, it becomes 
possible to set the boundary conditions for the physical model 
corresponding to each boundary. 

Also, when the display of the two-dimensional list of the 
physical models and element group names, the display of the 
two-dimensional list of the physical models and the boundary 
names , and the display of the model form are arranged on a single 
screen and displayed at the same time, it will make it easy to 
grasp the situation of the analysis settings. 

in this way, the use of the two-dimensional list 110 makes 
it easy to set the physical variables for element groups in a 
coupled analysis with a plurality of physical models. Also, it 
is easy to set boundary conditions according to the invention, 
since the situations of the setting of physical variables for 
the element groups are determined and the boundary conditions 
to be set are automatically checked and enable to be set with 
the boundary list 120. Furthermore, it becomes easy to grasp 
the situation of the analysis settings because the element group 
list, boundary list, and model form can be output at the same 
time. 

Referring Figure 1 again, the computation process 15 
performs the computations using the mesh-divided model and the 
analysis conditions and finds the solution. This computation 
process 15 can use a general-purpose heat analysis program, 



14 



structural analysis program, fluid analysis program, and so forth. 
The process 16 for displaying the results outputs the results 
of the computations determined in the computation process on 
the screen. 

5 The list registration process 12 and the processes 13 and 

14 for setting boundary conditions will be explained below with 
reference to Figures 5 through 9 . Figure 5 is a flowchart of 
the list registration process and processes for setting analysis 
conditions in Figure 1; Figure 6 is a diagram showing relation 

10 between the elements and boundaries in Figure 5; Figure 7 is 
a flowchart of the process for generating boundary data in Figure 
5; Figure 8 is a flowchart of the process for correcting boundary 
data in Figure 5; and Figure 9 is a flowchart of the linking 
process in Figure 1. 

15 The registration and setting processes are explained with 

reference to Figure 5 . 

(SI) Generate the element group data structure. In the 
example in Figure 1 , the element groups read in are registered 
to the group list 41. 

20 (S2 ) Generate the element boundary data structure from the 

element groups read in or element groups and element boundary 
data . As shown in Figure 6 , the boundary A extends over the elements 
A, B, and C. In such a case, the boundary A is divided into the 
boundary A-B and the boundary A-C. In this manner, it can be 

25 defined that a single boundary has one element on one side or 
on each side, and it becomes possible to set analysis conditions 
us ing the correlation of the boundary and elements . In the example 
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in Figure 1, this boundary is registered to the boundary list 
42 and the correlation of the group and boundary is registered 
to the correspondence list 40. This process will be explained 
in detail below with reference to Figures 7 and 8. 

(S3) The screen 100 for setting analysis conditions is 
displayed as shown in Figure 2, and the physical models for the 
element groups are selected from the two-dimensional list of 
the element groups and physical models in area 110. This can 
be performed, as shown in Figures 2 and 3, by clicking on the 
region at the intersection of the group and physical model. In 
response thereto, the element boundaries of the selected element 
groups are automatically searched using the correspondence list 
40. The physical models of the element boundaries in the 
two-dimensional list of the element boundaries and physical 
models in the area 120 are determined to be the physical model 
that was clicked. This process will be explained in detail later 
with reference to Figure 9. 

(S4) In the same way, the physical models of the element 
boundaries are selected from the two-dimensional list of the 
element boundaries and physical models in the area 120 of the 
screen 100 for setting analysis conditions, as shown in Figure 
2. As shown in Figures 2 and 4, this is performed by clicking 
on the area at the intersection of the element boundary and 
physical model. In this manner, the element group bounded by 
the selected element boundary is automatically searched using 
the correspondence list 40. The physical model of the element 
group in the two-dimensional list of element groups and physical 
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models in the area 110 is determined to be the clicked physical 
model . 

(S5) The screens 112, 114, 122, 124 for setting analysis 
conditions for the various physical models are opened and the 
5 analysis conditions are set (input) as shown in Figures 3 and 
4. 

The process for generating boundary data, explained with 
Figures 5 and 6, will be explained with reference to Figure 7. 
Figure 7 shows the process for generating boundary data in the 
10 case where only the element group is read in. 

(510) The pointer N of the element group is initialized 
to "1" after reading in the element group data (element group 
and elements thereof) . 

(511) The element pointer M is initialized to "1". 

15 (S12) For the M- number element belonging to the N-number 

element group, element data adjacent thereto is searched. 

(S13) Register the M-number element and element boundary 
location to the data for the boundary [N, J] in the case where 
there is an element adjacent to the element group J. 

20 ( SI 4 ) Meanwhile, register the M-number element and element 

boundary location to the data for the boundary [N, 0] in the 
case where there is no adjacent element. 

(515) increment the element pointer M to "M+l" and determine 
whether the element pointer M has exceeded the maximum value 

25 Mmax. If not, return to Step S12. 

(516) If the element pointer M exceeds the maximum value, 
determine whether the element group pointer N exceeds the maximum 
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value Nmax. If not, return to Step Sll. If the element group 
pointer N exceeds the maximum value, end the process because 
the boundary search for all element groups has been complete. 
Moreover, the process in Figure 7 is not necessary in the case 
5 where boundary data are provided. 

In the following, the process for correcting the boundary 
data explained with reference to Figure 6 will be explained using 
Figure 8. 

(520) initialize the element boundary pointer N to "1" after 
10 reading in the element group data ( element group and its elements ) 

and the element boundary data. 

(521) Count the number of element groups belonging to the 
N-th element boundary. 

(522) In the case where the number of element groups is 
15 3 or greater, divide the N-th element boundary data into a 

plurality of items and generate new element boundary data. 

(523) Make no divisions when the number of element groups 
is two or less . In other words , when the number of element groups 
is two or less , and when the number of element groups is corrected 

20 to two or les s in Step S2 2 , determine whether the element boundary 
pointer N exceeds the maximum value Nmax. If not, return to Step 
S21 . If the pointer N exceeds the maximum value, end the process 
because the processing of element boundaries has been complete. 
In this way, a single boundary can be defined as having 

25 one element on one side or as having an element on each side 
and it becomes possible to set analysis conditions using the 
correlation of the boundary and elements. 
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Next, the process for linking the element groups and 
boundary in the condition setting process in Figure 5 is explained 
using Figure 9. 

(530) Indicate the N-th element group with a circle in the 
5 group list 110 when the physical model for the N-th element group 

is selected from the two-dimensional list 110 of boundary groups 
in Figure 2. 

(531) Refer to the correspondence list 40 and search the 
boundaries of the selected group. Indicate the boundary elements 

10 hit in the search with a circle in the boundary list 120. 

In this way, the correspondence of the selected group and 
boundaries is automatically checked and is reflected in the 
setting of analysis conditions as explained in Figure 2. 

The method for setting analysis conditions is explained 
15 next using Figures 10 through 17. 

Figure 10 is a drawing of the initial screen for setting 
boundary conditions. In Figure 10, the icon 140 has the purpose 
of indicating the model generating process in Figure 1 ; the icon 
150 has the purpose of indicating the mesh generating process 
20 in Figure 1 ; the icon 160 has the purpose of indicating the process 
for setting boundary conditions; the icon 170 has the purpose 
of indicating the computation process; and the icon 180 has the 
purpose of indicating the process for displaying results. 

When the icon 160 for the process for setting analysis 
25 conditions is clicked, the form of the object model is displayed 
in the screen area 130 as shown in Figure 10 . The two-dimensional 
list 110 of the groups is displayed in the screen area 110 and 
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the two-dimensional list 120 of boundaries is displayed in the 
screen area 120. 

In this example , the group numbers are placed in the vertical 
axis of the dimensional list 110 and "View", group name, and 
physical model (heat conduction, electrostatic field, fluid) 
are placed in the horizontal axis . The object model has two groups : 
"solid 1" and "solid 2". 

Likewise, the boundary numbers are placed in the vertical 
axis of the two-dimensional list 120 and "View", boundary name, 
and physical model ( heat conduction, electrostatic field, fluid) 
are placed in the horizontal axis. The boundaries of the object 
model are shown as the boundaries "slf 1" through "slf 6" for 
the group "solid 1" and as the boundaries "s2f 1" through "s2f 
3" for "solid 2". 

The group selection process will be explained next using 
Figures 11 through 13. By clicking on the group selection mode 
190 shown in Figures 10 and 13, group selection, meaning the 
physical properties of each group, is selected. The selection 
method is as follows: a circle (O) is displayed as shown in 
Figures 11 and 13 and the physical properties for that group 
name are determined by clicking (or double clicking) with the 
mouse at the intersecting areas in the list 110 generated with 
the group names and the physical models. At this time, the 
boundaries of the selected group are automatically checked and, 
as shown in Figures 11 and 13, the same physical properties as 
the group are determined. Furthermore, circles (O) are displayed 
in the boundary list. Also, when the area of the group list where 
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the circle (O) is displayed is clicked (or double clicked) with 
the mouse, the display of the circle (O) is cancelled and the 
settings are deleted. 

Specifically, as shown in Figure 13, when the area A where 
5 "group" and "physical model" intersect is clicked (or double 
clicked) with the mouse, the boundary B of that group is 
automatically checked. For example, if the physical property 
of the group is tentatively determined to be "heat conduction" , 
this is automatically reflected on the group list 110 and the 
10 boundary list 120 by using the way that the properties of the 
boundaries of that group are uniformly determined to have the 
property of "heat conduction" (correlation between group and 
boundary) . 

When there are a plurality of boundaries, it is difficult 
15 to know which boundary has which physical property, but the user 
can easily and correctly set the analysis conditions by using 
these group and boundary lists 110, 120. 

Likewise, as shown in Figure 12, if the physical property 
is tentatively determined to be "heat conduction" for the group 
20 "solid 2" as well, the properties of the boundaries of that group 
are uniformly determined to have the property of "heat 
conduction" and this is automatically reflected in the group 
list 110 and the boundary list 120. 

Next, the process moves to the setting of analysis 
25 conditions and the setting icon 200 inFigures 10 and 13 is clicked. 
When areas displaying circles (O), selected in selection mode 
and for which the physical properties were determined, are 
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clicked (or double clicked) with the mouse, the screens for 
setting analysis conditions corresponding to the physical 
properties (Figures 3 and 4) are displayed and the analysis 
conditions can be set. While the screen for setting analysis 
conditions is displayed (setting standby), the corresponding 
groups and boundaries are displayed in an intensified manner 
as shown in Figures 11 and 12. 

Furthermore, so that the user can understand the progress 
of the setting situation at a glance, the circles (O) in the 
lists are changed to double circles (©) after the analysis 
conditions are set. In the case where the analysis conditions 
for set areas as explained above are later changed and computed 
(for example, when the heat transmission rate is doubled) , the 
specifics of the set areas are very easily changed. 

Furthermore, group and boundary drawing modes are also 
possible. As shown in Figures 14 and 15, the white square (□) 
in the "View" column in the list 110 is changed to a black square 
(■) when clicked and the corresponding group is then displayed 
in a different color or the like, for emphasis, on the screen. 
In the same way for boundaries, the white square (□) in the 
"View" column in the list 120 is changed to a black square (■) 
when clicked and the corresponding boundary is then displayed 
with a different color or the like, for emphasis, on the screen 
as shown in Figures 16 through 18. 

When this emphasized area on the model drawing screen is 
clicked (or double clicked) with the mouse, the screen for setting 
analysis conditions (Figures 3 and 4) is displayed and it is 
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possible to set analysis conditions. In other words, it is 
possible to make the settings both using the list and using the 
drawing screen. 

In the embodiment discussed above, the group list 110 and 
5 the boundary list 120 are displayed on the screen at the same 
time; however it is also possible to display one and then the 
other with a switching operation. 

Other embodiments 

10 Figures 19 and 20 are drawings to explain the variable 

setting screens for other embodiments of the present invention. 
In Figure 19, the variable setting screen for heat conduction 
analysis and the variable setting screen for fluid analysis are 
constituted with a single setting screen 116. In this screen 

15 116, it is possible to input the heat conduction rate, specific 
heat, coefficient of viscosity, mass density, and so forth. 

In Figure 20, the screen for setting boundary conditions 
for heat conduction analysis and screen for setting boundary 
conditions for fluid analysis are constituted with a single 

20 setting screen 12 6, with which it is possible to input heat flux, 
heat transmission rate, pressure, flow rate, and so forth. 

Figures 21 through 24 are explanatory drawings using the 
example of an oscillating or moving model that is another 
embodiment of the present invention. For a model wherein a solid 

25 (group 2) moves in a liquid (group 1) as shown in Figure 22, 
or a model wherein a solid (group 2) oscillates in an 
electromagnetic field region (group 1) as shown in Figure 24, 
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it is further necessary to set the boundary movement method as 
an analysis condition. For example, this includes the movement 
of a point object, the movement of a surface object, or axial 
movement . 

5 In this case, as shown in Figures 21, 23, and 24, moving 

groups and moving boundaries are indicated with a double circle, 
for example, in order to be distinguished from non-moving groups 
and non-moving boundaries so as to call up the corresponding 
setting screen. Groups and boundaries can thereby be 
10 distinguished and linked in moving and oscillating models as 
well. 

The present invention is explained above using embodiments , 
but various modifications are possible within the scope of the 
present invention and these do not fall outside of the technical 

15 scope of the present invention. 

Using the principle that a group and the boundaries of that 
group share the common properties of a physical model, the 
correlation between the group and the boundary are reflected 
on a screen for setting boundary conditions. For this reason, 

20 when the physical model of a group is set, the boundaries 

corresponding to that group are automatically found and the 
analysis conditions for those boundaries are set with a screen 
for setting boundary conditions. Accordingly, in the setting 
of analysis conditions for coupled analysis, the element groups 

25 and boundaries of an object model are automatically correlated 
and it becomes possible to set the analysis conditions easily 
and properly. 
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